Background: The purpose of the study was to estimate life expectancy and the average lifetime with and without chronic disease among male never smokers, ex-smokers and smokers living in the West Bank of the occupied Palestinian territory. Methods: The study used a life table for the West Bank male population and Danish relative risk estimates for death for smokers and ex-smokers vs. never smokers and utilized data from the Palestinian Family Survey 2010. Expected lifetime with and without chronic disease was estimated and the contributions from the mortality and the morbidity effect to smoking related difference in average lifetime with and without chronic disease were assessed by decomposition. Results: In the West bank 40% of the male population are smokers. Life expectancy of 15-year-old Palestinian men who would never start smoking was 59.5 years, 41
Introduction

S
moking is a serious preventable killer and in spite of smokers' shorter life, they live on average as many or more years in poor health as non-smokers do. [1] [2] [3] [4] [5] [6] [7] [8] [9] In the occupied Palestinian territory, the prevalence of smoking is much higher in the West Bank than the Gaza Strip and (still) almost negligible among women. The antismoking law in Palestine (https://www.tobaccocontrollaws.org/legislation/country/palestine/laws), which bans smoking in public places, restricts advertising and sale, etc. might have had an impact and reduced tobacco use. Thus, smoking prevalence among men living in the West Bank has declined,
10 but yet about 40% of male population are smokers (figure 1).
Life expectancy for 20-year-old men in the West bank increased from 52.9 years in 2006 to 53.5 years in 2010, whereas average lifetime without chronic disease decreased from 37.6 to 36.0 years.
11 Furthermore, no gain in disease-free life expectancy was observed for the most prevalent diseases. Thus, expected lifetime with hypertension, diabetes and heart diseases increased by 2.1, 1.3 and 0.8 years, respectively. 11 The explanation of the observed expansion of morbidity might reflect improved notification of diseases, treatment and rehabilitation. However, as no expansion of morbidity was seen among women the increase for men was most likely due to a higher prevalence of chronic diseases. The high smoking prevalence and the fact that these diseases are associated with smoking are worrisome and challenge the Palestinian health authorities.
The purpose of the present study was to estimate the impact of smoking on expected lifetime without and with chronic disease at age 15 among West Bank male never smokers, ex-smokers and smokers. Furthermore, the contributions from the mortality and morbidity effects to smoking related differences in expected lifetime without and with chronic disease were investigated. Due to low prevalence of smoking, the West Bank women and the Gaza Strip population were not included in the study.
Methods
Estimation of expected lifetime in different health states by smoking category requires life tables and health status data for each smoking category. To establish life tables by smoking category we needed relative risk for death due to smoking relative to never smoking. Because (to our knowledge) no relative risk estimates from a Middle East (male) population exists we used relative risk estimates from a Danish study (table 1) .
12 Furthermore, we needed prevalence of smoking by age group, which was extracted from The Palestinian Family Survey 2010.
13
To construct life tables by smoking category, let P 0 signify the prevalence of never smokers in a given age group, P i that for smoking category i and RR i the relative risk (relative to never smokers, i = 0). Then, the death rate for the age group in question is given by D = P P i Â RR i Â D 0 , where RR 0 = 1 (never smokers). From this equation the death rate for never smokers, D 0 , was calculated. The age-specific death rates for never smokers, D 0 , were multiplied by the relative risks, RR i , giving the age-specific death rates for each smoking category. Finally, life tables were constructed for each smoking category.
The Palestinian Family Survey 2010 was representative for the Palestinian population of the occupied Palestinian territory (i.e. the Gaza Strip and the West Bank, including East Jerusalem). A two-stage random sample was drawn from lists of all Palestinian households. First, enumeration areas were selected from the Palestinian territories, and then a random sample of households was drawn from each enumeration area in the West Bank and the Gaza Strip. The surveys consisted of 15 355 households and the response rate was 89.4%. The present study included men aged 15 or above living in the West Bank (14 769 participants). Information on household members' sociodemographic characteristics was provided by the head of household or another mature person. Data for all members were collected by self-reported responses or by proxy. Age was assessed by asking for the exact date of birth or any document with this information. Chronic disease was measured by answers to the question 'Does (name) have any disease according to a medical diagnosis and receive treatment continuously?' The interviewees were categorized as never smokers, ex-smokers, moderate smokers (1-20 cigarettes per day) and heavy smokers (> 20 cigarettes per day). Smokers of pipe or water pipe (Nargile) were excluded (664). Further details are available in the survey report. 13 An abridged life table for men living in the West Bank was established by use of MortPak, the UN demographic measurement software package. 14 For each smoking category disease-free life expectancy was calculated by Sullivan's method 15 combining life table figures and prevalence data of chronic disease status. The expected number of years lived in the age intervals 15-19, 20-24, . . ., 65-69, 70+ were multiplied by age-specific proportions of men without disease taken from the survey data. Expected lifetime without chronic disease for 15-year-olds was calculated by adding these years for all age groups and dividing the sum by the number of survivors at age 15. By relating this estimate of disease-free life expectancy to total life expectancy, a measure of the proportion of disease-free life expectancy was established. Statistical tests were carried out using a Z test and 95% confidence intervals were calculated from the formulae recommended by the International Network on Health Expectancy. 16 The contributions from the mortality effect and the morbidity effect to smoking related differences in disease-free life expectancy were assessed by decomposing. 17 A change in age-specific mortality will change life expectancy because a greater or lesser number of years lived affects not only the specific age group but also the years lived in future older ages. This change (the mortality effect) will increase or reduce expected lifetime with or without disease. A change in the proportion of people with or without disease represents the decomposition's other component (the morbidity effect). Thus, the health gain of being a never smoker measured by disease-free life expectancy was divided into the components of the effects of mortality and morbidity.
We declare that no ethical approval was required for this study based on secondary data.
Results
Life expectancy of 15-year-old Palestinian men in the West Bank who would never start smoking was 59.5 years (table 2) . Ex-smokers could expect 57.9 years of remaining lifetime. The corresponding figures for lifelong moderate and heavy smoking men were 55.6 years and 52.6 years, respectively. Of the 59.5 years of their remaining life, never smokers could expect 41.1 (95% CI 40.3-41.9) years without chronic disease. Ex-smokers could expect 37.7 years (CI 35.9-39.4) to be spend without disease, which was statistically significantly (P = 0.01) shorter than expected disease-free lifetime for never smokers (table 2) . The reduced average lifetime of 52.6 years for lifelong heavy smokers also reduced lifetime without chronic disease (P = 0.01) to 38.5 (CI 37.3-39.7) (table 2).
The expected lifetime with chronic disease was 18.4 years (CI 17.6-19.2) for never smokers and 20.2 years (CI 18.4-22.0) for exsmokers, but not significantly longer (P = 0.16). Thus, the proportion of expected lifetime without chronic disease was lower for ex-smokers than for never smokers, although not statistically significant. The never smokers' 18.4 years of expected lifetime with chronic disease was statistically significantly longer than for smokers (P < 0.001), 14.4 years (CI 13.3-15.4) for moderate smokers and 14.1 years (CI 12.9-15.2) for heavy smokers. Unexpectedly, the proportion of the average lifetime without chronic disease was statistically significantly higher among smokers compared to never smokers (table 2) .
The mortality effect from the decomposition contributed by 2.5 years of expected lifetime without chronic disease and by 4.4 years with disease to the total loss of 6.9 years of life expectancy of heavy smokers compared to never smokers (table 3). The contribution from the morbidity component was negligible (0.1 years without disease). For moderate smokers the mortality effect contributed by 1.6 years without and 2.3 years with chronic disease, whereas the morbidity effect accounted for 1.7 years with chronic disease reflecting that the mortality effect of abstaining from smoking exceeds the gain in expected lifetime without disease by 1.7 years. Comparing ex-smokers with never smokers showed that the mortality effect contributes by 0.5 years without and 1.1 years with chronic disease and the morbidity effect contributed by 2.9 years without disease.
Discussion
The life-years lost due to smoking in our study were almost 7 and 4 years among heavy and moderate male smokers, respectively. As expected the results are consistent with the Danish estimates as the life tables by smoking category were constructed based on the overall life table for men living in the West Bank and Danish relative risk estimates for death due to smoking. However, life-years lost for Danish men was longer (life expectancy at age 25 reduced by 8.7 and 5.1 years among heavy and moderate male smokers, respectively) 4 due to the overall longer life expectancy in Denmark compared with the occupied Palestinian territory. The use of Danish relative risk estimates for death was due to lack of known estimates from a Middle East male population. A meta-analysis of the impact of smoking on mortality suggests that the relative risks are fairly robust and not varying significantly between study populations. 18 Thus, we assumed that the impact of smoking on death is 'universal' and does not differ between Palestinian and Danish men. However, because the classification of moderate and heavy smoking in the present study differed from that of the Danish study (1-14 cigarettes per day for moderate smoking, and ! 15 cigarettes per day for heavy smoking), the relative risks is assumed to be at a minimum and the results of the impact of smoking among Palestinian men to be underestimated.
In our study, the loss of years without chronic disease was substantial among heavy smokers and in particular among ex-smokers, probably because ex-smokers stopped smoking due to chronic diseases. The prevalence of self-reported chronic disease differs from the prevalence based on for instance hospital discharge data, because some diseases seldom lead to a medical practitioner visit or a hospital contact, whereas other diseases will usually be diagnosed by a doctor or at a hospital. The Israeli occupation might affect the prevalence data on chronic diseases because the persistent tightening of closure systems, checkpoints, intensified difficulties in obtaining permits to travel and other restrictions on freedom of movement obstruct access to health care on the West Bank. [19] [20] [21] Thus, restricted access to health care might result in undiagnosed diseases such as diabetes and chronic obstructive pulmonary disease. Due to the association between smoking and these and other diseases, 22, 23 prevalence of chronic diseases among smokers might be underestimated and therefore bias the results in the direction of more disease-free life expectancy among smokers. Furthermore, the unexpected higher proportion of disease-free life expectancy among smokers than never smokers might also partly be explained by general poor health among older Palestinian men or a healthy selection mechanism which might occur if healthy and robust (young) men are more prone to start smoking. Another reason for the high proportion of disease-free life expectancy among smokers can be premature mortality among smokers.
Self-reported data on smoking habits might tend to result in underestimated smoking prevalence. 24, 25 This potential misclassification could lead to an underestimated difference in expected lifetime without chronic disease between smoking categories.
The impact of smoking on disease-free life expectancy have been estimated in only a few studies. [3] [4] [5] Expanding to the broader concept of health expectancy including expected lifetime in self-rated good health and disability-free life expectancy (typically investigated for middle-aged and older subpopulations) adds more studies. 2, [6] [7] [8] [9] It is, however, not possible to compare the results from these studies and the present study because of differences in the choice of health expectancy indicators, age groups and smoking categories. Nevertheless, all studies conclude that smoking is the most serious preventable lifestyle risk factor for health-damaging effect-also when measured by loss of years in good health.
The Palestinians living in the occupied territories are constantly exposed to the Israeli strategy of straining the population by military presence, violation and assaults from Israeli soldiers and Zionist settlers, land confiscation, house demolitions, injustice etc. 20, 26 These stressors, the abnormal living circumstances, economic hardship, unemployment and hopeless future prospects lead to increasing tobacco addiction, particularly among adolescents and young adults. 27 Thus, in addition to be training ground for the Israeli military and arms industry the Palestinians are victims of aggressive marketing from the tobacco industry. 28 This put an extra burden on The Palestinian National Authority: Besides the threats on the existence of the Palestine society, the health threat of tobacco is a great concern for the health authorities and call for effective, comprehensive and pervasive prevention policy against smoking by implementation and strengthen the regulations of the anti-smoking law. Supportive smoking cessation programmes to help smokers to quit should be recommended, but considering the age distribution of the population with one third being below 15 years of age, the main goal must be to protect children and adolescent from smoking. 29, 30 In particular, the low smoking prevalence among women should be maintained by make safe that girls abstain from start smoking. The most effective intervention is to raise taxes on tobacco. 31 We strongly recommend to straighten out the lack of attention of the health impact of smoking on the Palestinian population and to follow-up activities to enforce the anti-smoking law. Note: Fifteen-year-old Palestinian men living in the West Bank, 2010.
Funding
The study did not receive any funding.
Conflicts of interest:
We declare that we have no conflicts of interest. We had no support from any organization for the submitted work and no financial relationships with any organizations that might have an interest in the submitted work in the previous three years, no other relationships or activities that could appear to have influenced the submitted work.
Key points
In spite of a high prevalence of smoking (40 %) among men in the West Bank of the occupied Palestinian territory the impact of smoking on life expectancy and average lifetime in good health has never been examined among Palestinians. Heavy and moderate male smokers in the West Bank lose on average 7 and 4 years of life respectively compared with their never smoking counterparts. In addition, smoking causes a considerable loss of lifetime without chronic disease.
The results must be of great concern for the Palestinian health authorities and emphasize the importance of enforcement of the anti-smoking law. The longterm strategy is first of all to protect children, adolescent and women to start smoking.
